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Abstract  

The recently developed F-function of Shaw and Lielmczs, Mak and Lielmezs. and Liu. 
Lira and Lielmezs, modified to fit the van der Waals type cubic equations of state, has been 
used to assess the vapoirr-liquid equilibria calculations of binary mixtures over a wide 
range of P - T - x - y  values. 

Sets of coefficients for use in the binary interaction parameter  function L o : L~j(7. P. x,) 
were determined for 23 repre.~entative binary mixtures. The prediction (this work) of the 
vapour- l iquid  equilibria (bubble point e-lc~qiations) of the binary systems considered are 
in excellent agreement  with the experime~Jtai data. and show slight improvement over the 
values obtained by means of the original Redl ich-Kwong-Soave  ( R K S )  and Peng-  
Robinson (PR) equations. 
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INTRODUCTION 

Recently, Liu et al. [1] extended the work of Lielmezs and co-workers 
[2,3] by testing the predictive accuracy of the F-function-modified 
Redl ich-Kwong-Soave [4] (FRKS, F-RKS) and Peng-Robinson [5] (FPR, 
F-PR)  equations of state in calculations of P - V - T  properties of binary 
mixtures. In this work we test the FRKS, F-RKS, FPR and F-PR equations 
further by including the vapour-l iquid equilibria (bubble point and K 
value) calculations ot binary systems. 

The testing was done in two ways: firstly, by means of fixed isothermal 
and fixed averaged optimum binary interaction parameters L o independent 
of thermodynamic state (FRKS and FPR equations, Tables 1-4, 6), and 

• secondly, following Lieimezs 1~6, 7] work by introducing instead of tile fixed 
optimum • interaction parameter L o, a binary interaction parameter L~- 
function of state, Lii(T, P, xi) (Tables 5, 6, F-RKS, F-PR). To do this 
testing, experimental data from twenty-nine binary mixtures were selected 
from a number of sources (Tables 1•-4), These literature data w e r e  
considered of sufficient reliability; therefore, no further evaluation Of their 
accuracy was made. The total set of experimental data was divided into 
three m a i n  groups of binary mixtures: paratiinic-paraffinic, CO2-paraffinic 
and H2S-paraffinic, and  CO2-polar  a nd  polar-polar  compounds. The 
constants necessary to perform vapour-l iquid equilibrium calculations, the 
T~, P~and acentric factor to values and the  required coefficients of the 
F-function for pure compounds, were taken from the work of Liu et al, [1]. 
The bubble-point pressures • (Tables 1"3, 6) and vaporization equilibrium 
ratio K values (Figs. 1-3) were obtained following the general comments of 
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calculation me thods  as given by Reid et al. [8], subject  to the d e r i v e d  
relat ions of this work (FRKS,  F-RKS,  FPR,  F,  PR)  listed in the Appendix.  

R E S U I . T S  A N D  D I S C U S S I O N  

The  F-funct ions  for the FRKS,  F-RKS,  FPR and F-PR equat ions  were 
de te rmined  by me thods  already out l ined by Lielmezs and co-workers  [1-3,  
6, 7]. Tables  ! - 3  compare  the results of bubble-point  pressure  and vapour  
mole-fract ion calculat ions made  by means  of fixed isothermal  o p t i m u m  
binary interact ion p a r a m e t e r  kjj and L 0 values; Table  4 lists the fixed 
averaged op t imum binary interact ion pa rame te r  kq and L o values optimized 
w i t h  respect  to the total numbe r  of data  points; Table  5 presents  the 
coefficients of the binary interact ion p a r a m e t e r  L0-function (eqn. (7)) while 
Table  6 summarizes  the results  of bubble point  calculat ions using different 
methods.  Figures 1 - 3  compare  calculated (F-RKS equat ion)  and ex- 
per imenta l  vapor izat ion equi l ibr ium ratio K values t aken  at several 
isotherms for a set of binary mixtures.  

The  accuracy of the bubble-point  pressure  and vapour  mole-fract ion 
calculations was de te rmined  by means  of the relative deviat ion of pressure  
AP (%)  and the absolute  deviat ion of vapour  mole-fract ion Ay, defined as 

(1) 

1 
Ay = ~, ~ '  [y=.~, -- Y..x~l, X 100 

Iv 
(2) 

where  N is the n u m b e r  of data  points, and subscripts cal and exp represent  
calculated and exper imenta l  values, respectively.  

Following the work  of Liu et al. [1], the mixing rules for the FRKS and 
F P R  equat ions  are given as 

1 
F., = bm ~ ~ x'xj(b'b~F~Fj)'r:Lq 

• j 

(3) 

bm -~ E b~x, 
t 

For  the original RKS and PR equat ions  of s ta te  
rules have been  used 

a,,, = ~ ~. x,x~(a,ai)tr~(1 -- kq) 
i j 

where  bm is the same as in e q n .  (4). 

(4) 

the conventional mixing 

(5) 
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Fig. 1. Comparison of calculated (F-RKS) and experimental K values for (left) e t hane -n -  
pentane at 344.3, 377.6 and 410.9 K [17]; and (right) me thane-p ropane  at 277.6, 310.9, 327.6 
and 344.3 K [10]. 

Fixed binary interaction parameter  L U values 

The fixed opt imum isothermal binary interaction parameter  Lij values for 
seventy-eight isotherms of the twenty-nine binary systems were calculated 
from the FRKS and FRP  equat ions by minimizing the objective function SP 
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Fig, 2. Comparison of calculated (F-RKS) and experimental K values for (left) carbo~a 
dioxide-n-hexane at 313.15,353.15 and 393.15 K [25]; and (right) ace tone-carbon dioxide at 
298.15 and 313.15 K [31] . . . . .  . 

. • . . . .  . . . .. . - 
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Fig. 3. Comparison of calculated (F-RKS) and experimental K values for (left) methanol- 
water at 373.15, 423.15, 473.15 and 523.15 K [32]; and (right) ethanol-water at 423.15, 
473 .15 ,  523 .15 ,  548.15  a n d  573.15  K [33]. 

given as 

100 X~. Pc.-, - -  Pcxp 

over the same set of experimental data. The optimum kq values for the 
original RKS and PR equations were obtained using the same optimum 
search procedure. Tables 1-3 compare all the results. Table 1 shows the 
relative deviations of pressure AP (%) and absolute deviations of vapour 
mole-fraction Ay for eleven paraffin-paraffin compound binary systems r 
Table 2 compares the same (Ap (%) and Ay) for seven CO2-paraffin and 
four HaS-paraffin compound binary mixtures. Table 3 shows the Ap ( % )  
and Ay comparison for seven COa-polar  and polar-polar  compound binary 
systems. As seen from Tables 1-3 (fixed isothermal Lii and k 0 values) for 
paraffin-paraffin, COz-paraffin and H2S-paraffin compound binary sys-  
tems, the original RKS and PR equations of state have a slight edge over 
the FRKS and FPR equations. For CO2-polar  and polar-polar  compound 
binary systems, the FRKS and FPR equations show better predict ion 
patterns than the corresponding RKS and PR equations. 

Interaction parameter  funct ion LIj(T, P, xl) . . . . . . .  

Fol lowing Lielmezs [6,7] work, the binary interaction parameter  
function L o ( T , P , x ~  ) has  been  introduced into the  FRKS a n d  FPR 
equations, yielding the F-RKS a n d  F-PR equations for vapour- l iquid 
equilibrium calculations. We write the Lo(T ,  P,x~) function a s  

L o = e o + fret, + goP + hoT (7) 
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where coefficients eal, f~j, g~j and h~j are characteristic dimensionless [6, 7 ]  
constants of the given binary systems. 

To satisfy the requirement that L 0 = 1 and Lj, = L~j, we set 

e~j = 1, f ,  = 0, g~; = 0, hai= 0 

x, (8) 
ej,  - e l .  f , ,  - g j ,  = g , j .  h i ,  - h 0  

The coefficients e~j, fv ,  g~J and h v (eqn. (7)) for use in the F-RKS and F-PR 
equations were determined as follows. First, the optimum L~j value (eqn. 
(7)) for every experimental data point of a given binary system was 
calculated by minimizing the objective function SP in conjunction with the 
F-RKS a n d  F-PR equations (eqn. (6), i = 1). Those experimental data 
points which gave sharply fluctuating Laj values were discarded, thus 
yielding a directional set of L, 7 values for  the given binary system. Then, 
from this stable set of Lts values, values of the coefficients e~j, f0", gij and h~j, 
again in conjunction with the F-RKS and F-PR equations, were obtained by 
means of multi-property linear regression methods. The calculated values 
of the coefficients e;j, fj, go and h,-j (eqn. (7)) for the twenty-three binary 
systems are listed in Table 5. 

To calculate the bubble-point pressure using the L~Ffunction (eqn. (7)) 
for the F-RKS and F-PR equations, an initial P value is first assumed. For 
this initial P, using eqn. (7) an initial Ltj value can be obtained and 
the iteration process started, i.e. when the pressure P value of the first 
iteration has been obtained, a new L~j value can be calculated from it. The 
iterations need to be repeated until a preset convergence limit has been 
reached. In this work the limit is 

I(P,,- P,,+,)IIP,,+,- 10-" 

Table 6 presents a comparative evaluation of the bubble point 
calculations performed by means of the averaged optimum values of the 
fixed binary interaction parameters L~j and k v (FRKS and FPR, and RKS 
a n d  PR equations) and the binary interaction parameter L,7-funetion 
(F-RKS and F-PR equations).  

Table 6 •shows that over  narrower T and P ranges, the FRKS and FPR 
equations (fixed, state-independent binary interaction parameter L~j values) 
predict vapor-l iquid equilibria with reasonable accuracy. For larger T and 
P ranges, for instance, CH4-nC4Ht., CH4-nC6Ht4, CI-'L-nC~Ht8 binaries, 
the predictive accuracy of the FRKS and FPR equat ions  decreases. 
However,  the F-RKS and F-PR equations (state 'dependent binary interac- 
tion parameter  L~Ffunction, eqn. (7)) predict the vapour ,  liquid equilibria 

wi th  high accuracy for all the systems teste d. Figures 1-3 confirm further 
the predictive superiority of the F-RKS and F, PR equations; These figures 
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show vaporization equilibrium ratio K values plotted against the pressure P 
at several fixed temperatures. As  seen from Figs. 1-3,  the F-RKS equation 
predicts accurately the vapourization equihbrium ratio K values for a set of 
selected non-polar and polar binary systems up to their critical points. 
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APPENDIX 

The  genera l ized  F- func t ion  modif icat ion 
equa t ion  of state [1-3] can be wri t ten  as 

R T  ~ R T b  
P =  V'--"~ ~t, V 2 + u b V  + wb 2 F ( ~ )  

where  u and w must  satisfy the consta in ts  

w > - u  - 1 for u --> - 2  
u 2 

w > - -  for u <- - 2  
4 

while 

of the 

b = f l . ~  
Pc 

I ? |  

F(T,)  = ~'. c,,r~ ̀ -'')r2 

where  T, is reduced  t e m p e r a t u r e  and c,, (n = 1, 2 , . . . ,  m )  
subs t ance -dependen t  coefficients. 

The  compressibi l i ty  factor  equa t ion  is 

Z 3 + ( u B  - B - 1 ) Z  = + (A  + w B  2 -  u B  - u B 2 ) Z  

- -  ( A B  + w B  2 + w B  a) = 0 

where  

A = - ~ b B F  

b P  
B =  

R T  

The  genera l ized  fugacity coefficients of c o m p o n e n t  k in a mix ture  is 

b ,  D... Fm 
In thj, = ~--- (Z  - o r e  1)-"  I n ( Z -  B )  + ~ ) b b m V u 2 _ _ 4  w 

T h e  F- func t ion  

F ..... 2(bkFk) irz ~ x'(b'F~)trZLkll 

X l r 2 Z  + e(u + v,, 2 -4w)] 
n L2z + B(-~ - W  --- ~)w) .] 

modificat ion of the R e d l i c h - K w o n g - S o a v e  

t w o - p a r a m e t e r  cubic 

(A1)  

(A2)  

(A3)  

(A4)  

are empir ical  

(A5)  

(A6)  

(A7)  

(A8) 

equa t ion  of 
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s t a t e  ( F R K S ) :  

U = I ,  W = 0  

£2~ = 0.42748 

~ b  = 0 .08664 

Z 3- Z 2 + (A -- B -- B~)Z-AB = 0 

bk  ~ . .  Fm 
In ~bk = 7--- ( Z  -- 1) -- l n ( Z  - B )  + 

~t, bm om 

2(b~Fk)' a ~ x,(b,Ft)'~2Lk(] 
x b~ T~: j 

×,o(, 
T h e  F - f u n c t i o n  m o d i f i c a t i o n  o f  t h e  P e n g - R o b i n s o n  e q u a t i o n  
( F P R ) :  

u = 2 ,  w =  - 1  

~ = 0 .45724 

~ b  = 0 .07780 

Z a + ( B  - 1 ) Z  2 + ( A  - 2 B  --  a B 2 ) Z  --  ( A B  - B 2 -  B a) = 0 

In 4,k = ~ ( Z  - 1) -- l n ( Z  - B )  + ~---~ 2 V ~  bm 

X Ibk 2(bkFk)'rZ ~ xt(biFi)'r~Lm] 
Fm 

[~+ B(I + V~)] 
x in B(1 + v~)J 

of  

( A 9 )  

(AI0) 

sta te  

(All) 

( A 1 2 )  


